Abstract
showed no significant changes between WT mice and μMT mice (Fig 2) . MoMFs [24] . In the present study, we found that a larger number of proinflammatory
132
Ly6C hi monocytes infiltrated the liver in μMT mice than in WT mice 6 weeks after 133 infection. By contrast, the numbers of Kupffer cells and Ly6C lo MoMFs were similar 134 in μMT mice and WT mice (Fig 3) . 135 We hypothesized that the increased macrophage number in the liver of μMT mice 136 after infection reflects either enhanced monocyte production or increased monocyte 137 recruitment. Because Ly6C hi monocytes are derived from the bone marrow and 138 circulate in the blood [25] , we analyzed Ly6C hi monocytes in the peripheral blood. We 139 found no significant difference in the number of circulating Ly6C hi monocytes after 140 infection, despite somewhat higher counts in uninfected naïve μMT mice, which 141 suggests that monocyte production does not account for the increased monocyte number 142 in the liver of μMT mice (S2 Fig). To evaluate recruitment, we used quantitative polymerase chain reaction (PCR) assays to examine the gene expression levels of 144 chemokines that attract monocytes in the liver samples of WT mice and μMT mice 6 145 weeks after infection. The expression levels of Ccl1, Ccl2, Ccl3, Ccl4, and Ccl5 were 146 higher in the liver of μMT mice than in WT mice (Fig 4A) . We also detected the protein 147 levels of some key chemokines. The protein levels of CCL2, CCL3, CCL4, and CCL5 148 in the liver of μMT mice were significantly increased compared with those of WT mice 149 ( Fig 4B) . These data suggest that mobilization and recruitment, rather than production, 150 accounted for differences in monocyte infiltration. Therefore, B cells limit monocyte protein levels of IL-6 in the livers of μMT mice were significantly higher than those in 157 WT mice (Fig 4) . In addition, serum protein levels of CCL3 and CCL5 in μMT mice 
B1a cells migrate from the peritoneal cavity (PC) to the liver after infection

160
To investigate the role and mechanism of B cell action in this murine model, we 161 first determined the number of total B cells in the liver during infection. We found that 162 the B cell number was significantly increased 6 weeks after infection in WT mice (Fig   163   5A ). Further analysis of hepatic B cell subsets showed that both the percentage and 164 number of hepatic B1a cells were markedly increased 6 weeks after infection, and the 9 165 numbers of B1b cells and B2 cells were also increased (Fig 5B, 5C, and S4 Fig) . In 166 addition, we found that both the percentage and number of PC B1a cells were markedly 167 decreased 6 weeks after infection, whereas the percentage and number of PC B2 cells 168 were increased (Fig 5D and E) . These data suggest that the increased B1 cells in the 169 liver after infection were recruited from the PC. To provide further support for this 170 finding, we conducted adoptive cell transfer experiments. B cell-deficient μMT mice 171 were infected with S. japonicum and then were intraperitoneally injected with 172 uninfected WT mice-derived PC B cells or phosphate-buffered saline (PBS) 4 weeks 173 after infection. Samples were harvested 6 weeks after infection (Fig 6A) . The purity of 174 WT mice-derived PC B cells was more than 95% (Fig 6B) . After the cell transfer, B 175 cell subsets could be detected in the PC and liver of μMT mice. Compared with those 176 in donor WT mice, the percentage of B1a cells in the PC was lower in the recipient 177 μMT mice, whereas the percentage of B1a cells in the liver was higher, which was 178 consist with our observations in the infected WT mice (Fig 6C-F) . those of WT mice 6 weeks after infection (Fig 7B) , suggesting that B cells contribute 186 to IL-10 production in the liver after infection. Our data also showed that IL-10 expression levels in B cells were increased after infection (Fig 7C, D (Fig 8A, B , and E-G). Only the ALT levels in μMT 200 mice receiving the transfer of IL-10-deficient B cells were deceased (Fig 8C) . 
223
Infiltrating Ly6C hi monocytes may act as a double-edged sword in liver damage.
224
These cells express a substantial number of inflammatory cytokines and chemokines 225 and promote liver inflammation, injury, and fibrosis in the initiation and progression of 226 various types of liver injury, including acute viral injection, hepatotoxicity following 227 CCl 4 treatment, or ischemia-reperfusion damage [24, 33, 34] . We hypothesized that 228 recruited Ly6C hi monocytes also contribute to the initial liver damage and development 229 of fibrosis after S. japonicum infection. As expected, S. japonicum-infected μMT mice 230 with increased Ly6C hi monocyte infiltration had higher levels of ALT and liver fibrosis than WT mice (Fig 1 and 3 (Fig 3 and 4) , which suggests that B cells play critical roles cavities migrate to neighboring lymphoid sites or tissues [19, 39] . In the present study, we found that B1 cells, especially B1a cells, migrated from the PC to the liver after S. 254 japonicum infection, which was shown by the increased percentage and number of B1a 255 cells in the liver and their concurrent decrease in the PC after infection (Fig 5) . In (Fig 7) . We also found that in the 274 absence of IL-10, the transferred PC B cells were unable to downregulate granuloma inflammation, recruitment of monocytes, or the expression of a number of 276 proinflammatory chemokines and cytokines in the infected μMT mice (Fig 8) . These 277 data suggest that after S. japonicum infection, B cells control the recruitment of 278 monocytes and the expression of proinflammatory chemokines and cytokines via IL-10 279 production.
280
The cross talk between B cells and monocytes observed in our study appears to be 281 opposite to that observed in CCl 4 -induced fibrosis [31] . The difference may be that 282 different liver microenvironments induce different B cell subsets in these two models.
283
In the CCl 4 model, the increased B cells in the liver produce IgG and express CD138, 284 which may be a B2 subset. The B cells in the CCl 4 model secrete proinflammatory 285 cytokines and chemokines, hence, they recruit dendritic cells and Ly6C ++ monocytes.
286
In the present model, the B1a cells were the most substantially increased B cell subset 287 in the S. japonicum-infected liver. These B1a cells produced IL-10, which led to the 288 suppressed recruitment of Ly6C hi monocytes.
289
In conclusion, our data indicated that PC B1a cells infiltrate the liver when it is 290 damaged through S. japonicum infection. These B1a cells secrete IL-10, which inhibits 291 expression of CCL2, CCL4, and CCL5 to limit excessive liver infiltration of Ly6C hi 292 monocytes and thereby alleviate early inflammation and later liver fibrosis.
293
Materials and methods
294
Ethics statement
295
All animal experiments were approved by the Institutional Animal Care and Use
296
Committee at Anhui Medical University (the approved number is LLSC20150279) and conformed to the guidelines outlined in the Guide for the Care and Use of Laboratory 298 Animals.
299
Mice and parasites
300
The 8-to 10-week-old male C57BL/6 WT mice and B cell-deficient (μMT) mice 301 on a C57BL/6 background were purchased from the Nanjing Biomedical Research
302
Institute of Nanjing University (Nanjing, China). The Il10 −/− mice on a C57BL/6 
Egg counts
310
A portion of the liver tissue was digested in 10% potassium hydroxide at 37°C for 311 3 h. The eggs in aliquots of the suspensions were counted under a microscope.
312
Cell isolation
313
For isolation of peripheral leukocytes, blood samples were incubated with ACK
314
(Ammonium-Chloride-Potassium) Lysis Buffer (Gibco TM ) on ice for 10 min to remove 315 red blood cells. After being neutralized and washed, the pellets were resuspended with 316 PBS.
317
For isolation of PC cells, the outer layer of the peritoneum was opened. A needle 318 was inserted into the inner layer of the peritoneum to avoid puncture of organs. Ice-cold PBS (5 mL) containing 2% bovine serum albumin was injected into the PC and 320 the PC was washed repeatedly. The collected cell suspension was centrifuged at 500 × 321 g for 10 min, and the pellets were resuspended with PBS.
322
For isolation of hepatic leukocytes, liver samples were cut and incubated in 
331
All single-cell suspensions were washed and counted. Cell viability was confirmed 332 using the standard trypan blue exclusion method.
333
Liver and PC CD19 + B cells were sorted by PE-CD19 and anti-PE microbeads 334 using a magnetic affinity cell sorting (MACS) system (Miltenyi Biotec), and the purity 335 was >90%. 
353
RNA isolation and quantitative PCR
354
Total hepatic RNA was isolated from frozen liver tissue using Trizol (Invitrogen).
355
The MACS-sorted hepatic B cells were resuspended in Trizol, and the RNA was 356 isolated according to the manufacturer's instructions. First strand cDNA was 357 synthesized from ≤500 ng of RNA using a PrimeScript RT reagent kit (TaKaRa).
358
Quantitative PCR was performed with a StepOnePlus Real-Time PCR System (Applied Cytokine and chemokine assays 365 The protein levels of murine IL-10, CCL2, CCL3, CCL4, and CCL5 from whole 366 liver and serum were measured using a cytometric bead assay flex set (BD Pharmingen)
367
according to the manufacturer's instructions. The levels of mouse IL-6, IL-12p40, and
368
TNF-α were determined using a cytokine-specific enzyme-linked immunosorbent assay 369 kit (R&D Systems). Protocols were used according to the manufacturer's instructions.
370
Analyses of serum ALT and hepatic hydroxyproline 371
For analysis of serum ALT, blood was sampled and centrifuged for collecting sera.
372
For analysis of hepatic hydroxyproline, liver tissue was homogenized with an equal 373 volume of PBS that contained a protease inhibitor cocktail (Sigma-Aldrich, St. Louis,
374
Mo.) and centrifuged for collecting supernatants. Serum ALT and hepatic 375 hydroxyproline levels were measured using commercially available kits (Jiancheng,
376
Nanjing, China).
paraffin, cut into 5-μm sections, and stained with hematoxylin-eosin or picrosirius red 380 using standard protocols.
381
Statistical analysis
382
All data are expressed as mean ± SD and were analyzed using GraphPad Prism experiments. *p < 0.05, **p < 0.01, two-tailed, unpaired Student's t test. 
